Abstract
of cell growth and differentiation [21, 22] . Autophosphorylation of activated EGF receptors stimulates several signal transduction pathways, including the MAP (mitogen-activated protein) kinase pathway [21] . Chronic treatment with EGF leads to down-regulation of E-cadherin expression on the transcriptional level and loss of cell-cell adherence junctions [23] . [20] and
It has been reported that EGFR activates the human TWIST gene expression via binding of STAT3 (Signal transducers and activators of transcription 3) to the human TWIST promoter

that EGF-induced transcriptional up-regulation of Snail is necessary for down-regulation of E-cadherin in 293T cells [23], a variant of human embryonic kidney cells that contain the SV40 large T antigen.
Recent reviews [24] 
reported that abnormal receptor tyrosine kinase signalling plays a role in the regulation of epithelial-mesenchymal-transition (EMT) during development and in cell culture studies. However, studies demonstrating a clear correlation between receptor tyrosine kinase signalling and Snail, a master regulator of EMT, in primary cancers are still missing. Given the association between EGFR overexpression and high metastatic potential, we suggested that the EGFR pathway may contribute to the regulation of Snail expression in human cancers, focusing on endometrial tumours. Here we report that activation of EGFR correlates with Snail protein overexpression and simultaneous down-regulation of E-cadherin in human endometrial carcinomas and determined down-stream signalling proteins involved in these processes.
Material and methods
Cell culture conditions
The human endometrial adenocarcinoma cell lines Ishikawa (ECACC No. 99040201) 
Protein kinase inhibitors and EGF stimulation
The protein kinase inhibitors were obtained from Calbiochem/MerckKGA (Darmstadt, Germany). AG1478, SB203580, UO126 were used at a concentration of 10 
RNA extraction from FFPE tissues
RNA was extracted as previously described [25, 26] . 
Agilent microarrays
Hierarchical clustering
Unsupervised hierarchical clustering was performed by using Cluster and Tree View software [28] . 
Self-organizing map analysis
Statistical analysis
The results were analysed by the Spearman rank correlation test, using SPSS version 13.0 (SPSS, Inc, Chicago, IL, USA). The significance level was set at P Ͼ 0.05. Fig. 2A) (Fig. 3B) . (Fig. 4) Park et al. [32] .
Results
Cell culture analysis
To address the question whether EGFR activation effects Snail protein and/or mRNA expression, we examined the human endometrial carcinoma cell lines Ishikawa and Ishikawa ER-. Both cell lines have been established from an endometrial adenocarcinoma; the Ishikawa cells derive from the uterus, whereas the origin of the Ishikawa ER-cell line is not known. Both cell lines show an epithelial morphology and are EGFR-positive, but it is not known if the cell lines descend from the same patient. We first analysed whether estrogen receptor signalling has an effect on Snail expression; however, stimulation with estrogen did not lead to changes in Snail protein levels (data not shown). EGF stimulation of serum-starved Ishikawa and Ishikawa ER-cells lead to up-regulation of Snail protein expression (Fig. 1). To identify the pathways mediating this effect, we inhibited EGFR, p38 MAPK (mitogen activated protein kinase), MEK/ERK (extracellular signalregulated kinase) and PI3K (phosphatidylinositol 3-kinase) proteins (Fig. 2). In the Ishikawa cells (
Fig. 3 Snail mRNA expression (realtime reverse transcription PCR) of Ishikawa (black bars) and Ishikawa ER-(white bars) cells. (A) Cells were stimulated with EGF for 5-90 min. before RNA extraction. Data are normalized to time-point zero (without stimulation). (B) Snail mRNA expression in Ishikawa cells after inhibiting the EGFR and ERK pathways. Cells were incubated 60 min. with AG1478 (inhibits EGFR) and UO126 (inhibits MEK/ERK) before stimulation with EGF for 90 min. Data are normalized to EGF-stimulated cells. The mean and S.D. of three independent experiments, each of which were performed in duplicate, are shown. form of EGFR, the phosphorylated forms of HSP 27 and NF-Bp65 and the non-phosphorylated forms of PAK1, estrogen receptor ␣, HSP 27 and NF-Bp65. In primary endometrial cancers, we see a relation between Snail protein expression and the phosphorylated (Tyr1086) form of EGFR. In addition, the active, phosphorylated forms of GSK-3␤, p38 and AKT may be involved in the regulation of Snail after activation of EGFR. We also see an inverse correlation between Snail and the two epithelial markers E-cadherin and Cytokeratin 18. The non-phosphorylated form of ER␣ showed an inverse correlation with Snail protein expression. This is in line with the fundings from Fujita et al. [31] but in contrast to
Cluster analysis does not provide a probability measure of the significance of the difference between clusters [33, 34] . This tool is, therefore, suitable for hypothesis generation, which is then assessed by other statistical methods [33] . For (Figs. 1-3, 5A ), EGF stimulation leads to an activation of the ERK1/2 pathway and Snail mRNA and protein levels are increased. In contrast in Ishikawa ER-cells (Figs. 1-3 , (Figs. 4, 5C [23] .
Discussion
Our results revealed a correlation between EGFR signalling with increased abundances of the Snail protein, possibly regulated by the p38 MAPK, ERK1/2 and the AKT/GSK-3␤ pathways, and down-regulation of E-cadherin in primary endometrial tumours. In Ishikawa cells
5B), EGF leads to activation of the AKT and ERK1/2 pathways, which results in up-regulation of the Snail protein level but not of Snail mRNA level. Inhibition of EGFR prevents in both cell lines phosphorylation
of AKT, leading to the conclusion that AKT is a downstream target of EGFR. But only in Ishikawa ER-cells, inhibition of AKT results in Snail down-regulation. The increased phosphorylation of EGFR after inhibition of p38 MAPK leads to the suggestion that the cells try to compensate the inhibition of p38 MAPK by enhanced activation of EGFR. The elevated expression of EGFR may result from reduced internalization after ligand binding. In the primary endometrial tumours
In this study, we also could confirm that the ERK pathway is involved in the activation of Snail in both Ishikawa cell lines and in primary endometrial tumours, as reported by others using promoter analysis [37] . It [38] . PAK1 was also reported to phosphorylate Snail and to promote its localization into the nucleus in human breast cancer cell lines [16] . In our study, however, we did not find any EGF-related correlation between PAK1 and Snail in the cell lines but found the active form of PAK1 clustering with Snail in primary tumours. We could not (Fig. 5) . In our study, we also found different expression profiles in each of the 17 tumours examined (Fig. 4) , emphasizing the need for individualized therapy regimens targeting several signalling pathways at the same time.
Fig. 5 Proposed model for EGFR-related signal transduction pathways regulating Snail in Ishikawa (A), Ishikawa ER-(B) and primary human endometrial tumours (C). EGF stimulates pathways leading to Snail's localization into the nucleus as well as pathways involved in reduced degradation of the protein. Snail shuttles into the nucleus after phosphorylation on Ser 246 by an unknown pathway, possibly with involvement of p38 MAPK, AKT, ERK1/2 and/or PAK1. After phosphorylation of GSK-3␤ on Serin 9 by AKT, GSK-3␤ is unable to phosphorylate and tag
A general observation made in this study was that apparent expression of phosphorylated and non-phosphorylated forms of a protein do not necessarily correlate (Fig. 4) [41, 42] . Accumulating evidence suggests that activated Her2 leads to the onset of intracellular signalling events involving ERK [43] . We also found a correlation between the phosphorylated forms of Her2, PAK1 and ERK1/2, suggesting that this pathway may also be involved in the pathogenesis of human endometrioid endometrial carcinoma (Fig. 4) .
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